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FOREWORD

This report was prepared by Southwest Research Institute under
USiF Contract No, AF 33(616)-276. The contract was initiated under
Project No. 7340, "Rubber, Plastic and Composite Materials™, Task No.
73404, "Synthesis and Evaluation of New Polymers", RDO No, 613-15,
*Hydraulic Fluids and Lubricanis®™, and was administered under the direction
of the Materials Laboratory, Directorate of Research, Wright 4ir Develop-
ument Center, with Dr, Harold Rosenberg acting as project engineer,

Acknowledgement is due to the following persons for their assistance
on this projeet: Mrs, Mary Lou Uhl, Mr, John Rhosdes, Mr. Russell Weich-
lein, Mr, Irving Weinstein, Dr. Kenneth Koe, Mrs, Marilyn Hendrickson,
and Mrs, Carolyn %inters.

This re,ort is the second part of WADC TR »34-337. The first part
of this report was published in February 1954 under the basic report
number only; it should be considered as Part 1 although it was not so
marked.
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ABSTRACT -

: The properties of triaryl esters of phosphoric acid were studied
with regard to their suitability as high-temperature lubricants and related
materials, It was found that naphthyl derivatives did not have sufficient
thermal stability to compensate for the unwanted increase in viscosity and
melting point. The L~biphenylyl group possessed all the advantages of the .
naphthyl group with much better thermal stsbility. One particular compound
prepared, bis(o-chlorophenyl) L-biphenylyl phosphate had a thermal stability
of over 510°C (950°F), by far the highest stability of any compound prepared
under this contract. It was found that the chlorophenyl phosphates possessed
outstanding thermal stability and seemed to be the most promising type of
compound for further development, It was found possible to vary consider-
ably the physical properties of a compound by incorporating thrée different
groups., Finally, the pronounced volatilizing and viscosity-reducing effect
of the trifluoromethylphenyl group was observed in several compounds which
contained one or more of these groups. It was also found possible to come

pile a table of approximate thermal decomposition tenperatures of numerous
aromatic groups, .
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I. INTRODUCTION

Due to increased severity of operating conditions, in particular
higher speeds which result in higher working temperatures, the lubricants
and hydraulic fluids currently being used in aircraft and related equipment
are becoming inadequate with respect to thermal and oxlidative stability.

It is also necessary, while striving for increased temperature stability,

to refrain from excessive sacrifice of lowstemperature fluidity. The ap-

proach to this problem in this case has been the investigation of aromatic
phosphate esters,

This project had its start in August, 19523 the plan was to in-
vestigate the suitability of bi- and tricyclic liquid polynuclear aromatic
compounds as high-temperature lubricants and related materials., A litera-
ture search was carried out, and from the 2400 compounds thus obtained, 1k
were selected which seemed to be of the most promising type. These com~
pounds were representative of ethers, esters, ketones, alkylated aromatics,
etc,s Subsequently three other compounds were added to the list,

After screening these compounds for desirable properties, in par-
ticular thermal stability, the conclusion was reached that by far the most
promise lay in the class of aryl phosphate esters. The work has been de-
voted to this type of compound since then.

The original phosphates were diphenyl naphthyl phosphates. The
compounds possessed remarkable thermal stability, over L60°C, but happened
to be low-melting solids, The attempt was made to achieve a liquid state
-at room tempersture or below, yet retain the good thermal stability of .the
parent compounds, This search led through the tolyl and quinolyl analogs
and tris(o-chlorophenyl) phosphate, This work demonstrated that liquid
compounds of high thermal stability could be prepared and pointed the way
to further improvement in physical properties.

II, DISCUSSION

For the sake of convenience the compounds synthesized during the
year have been grouped into arbitrary classes, each class having some fea-
ture in common. The chronological order of preparation of the compounds
has been disregarded.

" The listing of physical properties of all the compounds prepared
is given in Table I. Those compounds which were considered to possess prome-
ising properties were subjected to further testing, the results of which

1
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are shown in Table II. The spproximate thermal decomposition temperatures
of substituent groups are listed in Table III.

Class I conslsts of diphenyl phosphates in which the third growp
was varied. The intention, in this case, was to proceed from the original
diphenyl naphthyl phosphates, and to vary the polynuclear group to deter-
mine the effect on the characteristics of the structure. The phenyl growp
is quite thermally stable, so that any instablility of the third group could
be easily observed, This class consists of the following compoundss

MLO 9523 Diphenyl 5,6,7,8~tetrahydro-l-naphthyl
phosphate

MLO 9526 Diphenyl 2«chlero-l-naphthyl phosphate
MLO 9532 Diphenyl 3-pyridyl phosphate

MLO 9537 Diphenyl 2,li~dichloro-l-naphthyl phos~
phate

MLO 9543 Diphenyl S-indanyl phosphate

MLO 9544 Diphenyl k-indanyl phosphate

MLO 9551 Diphenyl pentachlorophenyl phosphate

MLO 9558 Diphenyl 3,L-dimethylphenyl phosphate
MLO 9559 Diphenyl 3,5~dimethylphenyl phosphate
MLO 9560 Diphenyl L-biphenylyl phosphate

Compound MLO 9523, the tetralyl derivative, was prepared to study
the effect on fluidity of hydrogenating one of the naphthyl rings. It was
expected that a liquid phosphate would result, analegous to the fact that
tetralin is a liquid and naphthalene is a selid amd the two materials have
a differemce of some 110°C in their melting points. This preved to be the
case, since the tetralyl compomnd was a viscous liquid having a pour point
of 0°F, The thermal stability had dropped to 383°C (721°F)., This ceuld
be due to lability ef the hydregen atoms on the saturated ring, casusing re-
versien to the aromatic structure em heating. The viscesity slepe was
rather peor, Although this compound weuld mot mew be considered promise
ing, at the time of its preparatien its properties were censidered suffi-
ciently goed te warrant carryimg eut secemdary tests., As previeusly mem-
tiened, the results ef these seceadary teste are givem im Table II.
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The effect of chlorinating the naphthyl group was shown in the
next compound in the series, diphenyl 2-chloro-l-naphthyl phosphate, MLO
9526, In this instance, a liquid state was also achieved, although with
a fairly high pour point, 25°F, Tt appeared that the chloronaphthyl group
was considerably less thermally stable than the simple naphthyl group.
The thermal decomposition temperature was LOLC (759°F) compared to L4620C
(86LOF) for the parent compound, diphenyl l-naphthyl phosphate.

Since all previous attempts to prepare a dipyridyl phosphate had
failed, an attempt was made to prepare a simple monopyridyl compound. The
diphenyl 3-pyridyl phosphate, MLO 9532, was chosen and was prepared without
difficulty. The pyridyl group imparted an unusual fluidity to the compound,
which incidentally was quite subject to supercooling, The pour point was
-30°F, although refrigeration slowly induced crystallization. The crystale
line material melted at 33°C, somewhat lower than triphenyl phosphate, which
melts at L49-50°C. The pyridyl group also caused a decrease in thermal sta-
bility, since the compound decomposed at 362°C (68L°F), Although there ap-
pears to be no great possibility of this type of compound being suitable
as a high-temperature lubricant, it is thought to offer a reasonable chance
of being effective as a high~-temperature antioxidant.

Another phosphate containing a chlorinated naphthyl group was di-
phenyl 2,l-dichloro-l-naphthyl phosphate, MLO 9537. This compound was pre-
pared to ascertain if dichlorination of the naphthyl group would produce
poorer thermal stability than monochlorination. It was found that the de-
corposition temperature had indeed dropped, from LOL®C to 383°C. As might
be expected, the compound was a solid. The indications were that halogena=-
tion of the naphthyl group resulted in unfavorable thermal stability.

It was possible to obtain large enough samples of L~-indanol and
S5-indanol to prepare usable amounts of the corresponding diphenyl phosphates.
Diphenyl l=indanyl phosphate, MLO 954k, was a rather 1impid liquid with a
fair viscosity slope, The thermal decomposition temperature was mediocre,
394°C (7L19F), The viscosity slope was fair, being 0.8L} from 100-210°F.

y Diphenyl 5-indanyl phosphate, MLO 9543, was a low-melting solid
with viscosity characteristies quite similar to the L~-indanyl compound.
The S-indanyl phosphate, however, possessed excellent thermal stability,
having a decomposition temperature of over L5LOC (8L9OF).

Another compound in this class was diphenyl pentachlorophenyl
phosphate, MLO 9551. Due to the intractability of tris(pentachlorophenyl)
phosphate, discussed later, regarding the difficulty of determining physical
constants, it was decided to prepare the diphenyl compound in order to study
the characteristices of the pentachlorophenyl group. The compound had a
rather high melting point, 120°C, and the pentachlorophenyl group appeared
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to be thermally stable only up to 372°C (702°F). There appeared to be
little promise as far as potential use as a lubricant was concerned. The
compound diphenyl 3,lL-dimethylphenyl phosphate, MLO 9558, was prepared to
observe whether it resembled its structural analog, diphenyl 5-indanyl

. phosphate, with reference to the lstter'!s excellent thermal stability.

This proved to be the case, since MLO 9558 was thermally stable above LLL°C,
which was higher than its normal boiling point of 431°C. The thermal sta-
bility og the S5-indanyl compound, which possesses one more carbon atom, was
over LSL'C, higher than its normal boiling point. The melting point of MLO
9558 was higher, being L8°C vs. 29°C for the indanyl compound. The visco=-
sity characteristics were fair.

The next compound was elso a dimethylphenyl derivative, diphenyl
3,5-dimethylphenyl phosphate, MLO 9559. It was desired to observe whether
the excellent thermal stability of the 3,L~-dimethylphenyl compound would
also be achieved, In this case the positions of the methyl groups on the
ring do not resemble a bicyclic ring. This compound was thermally stable
above 131°C (808°F), which is higher than its normal boiling point of 1n9%
(786°F). The viscosity slope, 0,863 from 100-210°F, was fairly good, and
the melting point was down to 32¥C.

Although the thermal stability of the dimethylphenyl group appears
to be quite good, there seems to be little reason to assume that the oxi-
dation stability of the group should be better than tolyl, which is rather
poor. Even so, the greatly increased thermal stability of the dimethylphe-
nyl compounds over the monomethylphenyl compounds is surprising.

Since work on compounds which are discussed under other class
headings had indicated a limit of thermal stability of the 2~biphenylyl
group of about L0-455°C, it was desired to observe whether the L-bipheny-
1yl grouwp would be more stable. In this case the para configuration was
considersbly more stable., The compound diphenyl L-biphenylyl phosphate,
MLO 9560, did not decompose at its normal beiling point of h&Sgc (905°F).
The melting point, 63438, was rether high, but still surprisingly low con-
sidering the melting point of the intermediate L~phenylphenol, which is
16L4°C. The viscosity slope was fair. The boiling and melting points are
quite close to those of diphenyl 2-naphthyl phosphate, L71°C and 6L°C re-
spectively.

Class II is also derived directly from the original diphenyl
naphthyl phosphates., In this class are all symmetrical compounds possess-
ing a single naphthyl group. These are as follows:

MLO 9521 Bis(o-chlorophenyl) l-naphthyl phosphate

MLO 9525 Bis(p-chlorophenyl) l-naphthyl phosphate

L
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'MLO 9535 Bis(2,L-dichlorophenyl) l-naphthyl phos-
phate

MLO 9536 Bis(2-biphenylyl) l-naphthyl phosphate

Since the nzphthyl group was found to be rather undesirable, this series
received little attention in more recent work. The first compound, bis
(_g-chlorophenyl) l-naphthyl phosphate, MLO 9521, was prepared as an sna-
log of the diphenyl naphthyl phosphate in an attempt to obtain a liquid
state. The compound was a rather viscous liquid with a fair viscosity
slope and a pour point of 30°F, a reduction of sbout 100°F from that of
the diphengl compound, The material was quite thermally stable, decompos-
ing at U77°C (890°F), It was found later that this decomposition could be
attributed to the naphthyl group.

Concerning the next compound listed, bis(p_-chlorophenyl) l-naph-
thyl phosphate, MLO 9525, it was thought desirable to compare its proper-
ties with those of the corresponding o-chlorophenyl compound. The effect
on the melting or pour point was particularly interesting, since p-chloro-
phenol melts about L4O°C higher than o-chlorophenol. However, it was found
that the p-chlorophenyl structure had a somewhat lower pour point and con-
siderable lower viscosity, although it still was rather viscous, The vis-
cosity slope was slightly poorer. The thermal decomposition temperature
was also somewhat lower, being L68°C (872°F). The effect of dichlorinating
the phenyl group was shown in bis(2,l~dichlorophenyl) l-naphthyl phosphate,
MLO 9535. This was a very viscous fluid with a fairly good thermal stabi-
1ity, decomposing at 432°C (810°F). The temperature range from asbout L30-
4hoOC seems to be the decomposition point of the 2,li-dichlorophenyl group,
as evidenced by the three compounds prepared which contained that group
(MO 9535, 9545, and 9550).

Compound MLO 9536, bis(2-biphenylyl) l-naphthyl phosphate, was
a taffy-like liquid which slowlg crystallized on standing. Here again the
thermal stability was good, L0 C, although it did not approach the exceed-
ingly high caloulated normal boiling point of 545°C, There appeared to be
little of immediate interest in this material.

Class III is composed of compounds having two naphthyl groups and
a varying third group. These were:

MO 9534 Bis(l-naphthyl) 3-pyridyl phosphate
MLO 9538 Bis(l-naphthyl) o-chlorophenyl phosphate
The pyridyl compound, MLO 953L, was made to determine if the pyridyl group
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would impart fluidity to a large grouping like the dinaphthyl phosphate,
since this effect was observed with a diphenyl phosphate. The product was
a very viscous oil; it appeared likely that the liquid was supercooled and
that crystallization could be induced under the right conditions, The come
pound proved to be extremely susceptible to degradation, both thermsl and
oxidativey in fact, it carbonized to such an extent in the isoteniscope
that the apparatus could not be used again,

The other compound, bis(l-naphthyl) o-chlorophenyl phosphate,
MLO 9538, was also a molasses~like liquid., The thermal decomposition tem-
perature was L17°C (783°F), a temperature range which seems to occur rather
often in testing the various compounds. The combination of two naphthyl
groups seemed to impair the thermal stability.

Class IV is that comprised of bis-phosphates of nsphthalenediol.
These were prepared in an attempt to reduce the average number of naphthyl
groups per phosphate grouwp. The two compounds were:

MLO 9528 1,6-Naphthylene bis(diphenyl phosphate)
MLO 9548 1,5-Naphthylene bis(diphenyl phosphate)

The first of these products, MLO 9528, was an exceedingly viscous liquid
with poor thermal stability. Only a small amount of sample was obtained,
probably due to hydrolytic or thermal decomposition during the purifica-
tion process, The viscosity slope was rather good. The second compound,
MLO 9548, was a fairly high-melting solid with the higher-than-average de-
composition temperature of LI1°C (826°F), The extrapolated normal boiling
point was exceedingly high, being 620°C (11L8°F). On the whole, however,
the nsphthylene class did not seem to offer any particular advantages.

Class V consists of phenylene derivatives; that is, derivatives
of dihydroxy benzene. These were:

MLO 952} 1,3-Phenylene bis(diphenyl phosphate)

MLO 9527 1,3-(L-Chlorophenylene) bis(diphenyl
phosphste)

MLO 9530 1,L-Phenylene bis(diphenyl phosphate)

MLO 9539 1,L~(2~Chlorophenylene) bis(diphenyl
- phosphate)

The resorcinol derivatives were first investigated since resorcinol esters
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seemed to have the lowest melting point. The compound which inspired in-
terest in this class was MLO 952k, 1,3-phenylene bis(diphenyl phosphate),
This materiel had an excellent viscosity slope compared to other phosghates,
0.750 from 100-210°F, and an extrapolated mormsl boiling point of 547°C
(1017°F). The thermal stability was only fair, L16°C, and hydrolytic sta-
bility was relatively poor. The compound had a very high flash point, 618°F,

Compound MLO 9527 was a chloro-substituted derivative of MLO 952L.
It was hoped to improve thermal stability in this way. However, the decom-
position temperature dropped to 394°C (TL1OF) and the viscosity slope was
poorer than 1,3-phenylene bis(diphenyl phosphate), as were almost all the

-other properties,

'~ The next compound, MLO 9530, 1,L~phenylene bis(diphenyl phosphate)
was a solid melting at 109°C, but was the most thermally stable phenylene
derivative prepared, decomposing at 455°C (851°F), The viscosity slope was
rather good. In common with all the phenylene compounds, the extrapolated
normal boiling point was quite high (550°C),

In an attempt to achieve a liquid state, yet retain the good char-
acteristics of MLO 9530, a chloro-derivative, 1,l~(2-chlorophenylene) bis
(diphenyl phosphate), MLO 9539, was prepared. The melting point did indeed
drop, to 78°C, but so also did thermal stability, to 417°C (783°F). It ap-
peared that the phenylene group could not be chlorinated without serious
loss of thermal stablility.

Class VI is represented by only a single compound.

MLO 9533 L,Lt-Biphenylene bis(diphenyl phos-
phate)

These compounds are derivatives of dihydroxy biphenyl, each ring bearing
one hydroxyl group. The bond joining the two rings is considered to be
extremely stable, Compound MLO 9533, although exceedingly high boiling
(589°C calculated), was thermally unstable sbove L16°C, The melting point
was 89°C, lower than might have been expected.

Class VII is a rather large one, consisting of tris-phosphates;
that is, compounds having three identical groups joined to the phosphate
radical. The purpose of preparing these compounds was to study the ther-
mal stability of the groups themselves, disregarding the suitability of
the material as a lubricant. In this case, the performance of the grouwp
is unobscured by outside influences, except where the physical properties
of the compound are such as to make manipulation wnduly difficult. Natur-
ally, many of these materials are high-melting solids.

The compounds are as follows:
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MLO 9540
MLO 9511
MLO 95)2
MLO 95L5
MLO 9547
MLO 9552
MLO 9553
MLO 9555
MLO 9556
MLO 9557
MLO 9561

Tris(2-biphenylyl) phosphate
Tris(3-chloro-2-biphenylyl) phosphate
Tris(3-chloro-k-biphenylyl) phosphate
Tris(2,L~dichlorophenyl) phosphate
Tris(o~bromophenyl) phosphate
Tris(pentachlorophenyl) phosphate
Tris(m-chlorophenyl) phosphate
Tris(3,5-dimethylphenyl) phosphate
Tris(3,L~dimethylphenyl) phosphate
Tris(o-fluorophenyl) phosphate
Tris(m~trifluoromethylphenyl) pﬁosphate

The first compound, tris(2-biphenylyl) phosphate, MLO 9540, was made in an
attempt to determine the stability of the wmsubstituted biphenylyl grouwp.

This was quite high, LSL°C (8LSOF) but did not nearly spproach the normal

boiling point of the compound, calculated to be 546°C, The melting point,
115°C, was rather high.

The effect of chlorinating the biphenyl nucleus was demonstrated
by the next two compounds listed, In the case of tris(3-chloro-2-bipheny-
1yl) phosphate, MLO 95l1, an exceedingly high melting point resulted (195°C)
together with reduced thermal stability (L17°C). The isomer, tris(3-chloro-
h-biphenylyl) phosphate, MLO 95L2, decomposed at the same temperature (L17°C)
but melted considerably lower élSh"G). The extrapolated normal beiling
point appeared to be about 620°C, although this was only an spproximation
due to the anomalous shape of the curve.

Since tris(o-chlorophenyl) phosphate proved to have excellent
thermal properties, the effect of the 2,L~dichlorophenyl group was studied.
The addition of the second chlorine group to the benzene ring, in tris(2,
li=dichlorophenyl) ghosphate, MLO 9515, resulted in a decomposition tempera-
ture of LLOPC (82L°F), and a melting point of 93°C. The viscosity slope
was rather poor., This compound was extremely susceptible to hydrolysis.

Also prepared as an analogy to the g-chlorophenyl phosphate was
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tris(o-bromophenyl) phosphate, MLO 9547. It was hoped to retain the fluid-
ity and thermal stability of the chloro compound, yet achieve a higher boil-
ing point. This expectation was not reslized. The compound had poorer
thermal stebility, L29°C, and a higher melting point, 83°C., The bromine
atom gppeared not to have the firmness of attachment to the benzene ring
exhibited by the chlorine atonm.

Another compound in the series is an example of intractability
due to high molecular weight. The compound, tris(pentachlorophenyl) phos-
phate, MLO 9552,' precipitated from the reaction mixture and could be puri-
fied only by washing with ethanol, The substance melted with decomposition
at about 230-240°C. It appeared to be insoluble in any of the ordinary
. solvents, which made it impossible to obtain a molecular weight value,

This difficulty in handling was responsible for the preparation of diphenyl
pentachlorophenyl phosphate, previously discussed.

The next compound, tris(m~chlorophenyl) phosphate, MLO 9553, wes
prepared to compare with the snalogous o-chlorophenyl phosphate., This mate=-
rial had quite interesting properties including a thermal stability over
L6LOC (867°F), which was higher than its normal boiling point of L452°C (8L6°F).
The pour point was very good, =200F, and the viscosity at 100°F was only
28 cs. The secondary tests all gave very good results, including a better
hydrolytic stability than the o-chlorophenyl compound. The compound tris
(3,5-dimethylphenyl) phosphate, MLO 9555, was prepared to compare with di-
phenyl 3,5~dimethylphenyl phosphate. As might be expected, the melting
point rose somewhat (1LOC increase) as did the viscosity and boiling point.
The thermal decomposition temperature was over 452°C, In this case, the
effect of the higher molecular weight produced a straightforward change in.
properties.

" The same holds true for tris(3,L-dimethylphenyl) phosphate, MLO
9556. In comparison to diphenyl 3,l-dimethylphenyl phosphate, the physical
properties varied ss might be expected from the increase in molecular weight.
Thus, the boiling point, melting point and viscosity all were higher. The
compound was quite thermally stsble, not decomposing at L62°C (86L°F).

The current general interest in fluorine-containing compounds led
to the preparation of tris(o-fluorophenyl) phosphate, MLO 9557, to ascer-
tain if the fluorine agbom imparted any unique properties. This did not
seem to be the case. Aside from a slightly low boiling point (L17°C) for
a molecular weight of 380, none of the other properties seemed noteworthy:
melting point 79-81°C, thermal stability above the boiling point, mediocre
viscosity slope. The compound was not considered interesting enough to
examine at greater length. :

The final compound of this series, tris(m-trifluoromethylphenyl)
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phosphate, MLO 9561, is of considerable interest. The trifluoromethyl
group sterically resembles methyl, but would be expected to have consider-
ably better oxidation resistance. This phosphate, with a molecular weight
of 5’3{}6 possessed truly surprising volatility as shown by a boiling point
of 366°C. By way of congarisen, tris(g—e&ﬁarophenyl} phosphate, molecular
‘weight 30, boils at 463°C, and triphenyl phosphate, molecular weight 326,
boils at 385°C. The absolute viscosity values were quite low, e.g., 1k cs
at 100°F; the viscosity slope from 100-210°F was rather poor (0.935). These
low viscosities resulted in a pour point of -35°F; however, the compound
could be induced to crystallize to a solid melting at 13°C. The compound
was thermally stable above its boiling point. The unusual effect of the
trifluoromethylphenyl group on the properties of the phosphate structure
indicated that compounds containing thls group deserved further investiga-
tion.

Class VIII was composed of phosphonates. These are compounds
having one direct carbon-phosphorus bond, instead of the usual carbon-oxy-
gen-phosphorus linkage. These compounds were: ‘ '

MLO 9546 Diphenyl benzenephosphonate
MLO 9549 Bis(o-chlorophenyl) benzenephosphonate

MLO 9550 Bis(2,L-dichlorophenyl) benzenephos-
phonate

The first compound, diphenyl benzenephosphonate, MLO 9546, was stable sbove
429°C (80LOF), This compound was a solid melting at 76°C, which is con-
siderably higher than the analogous triphenyl phosphate. The thermsl de-
composition temperatures of the two compounds are quite similar.

The second compound was a liquid. This material, bis(o-chloro-
phenyl) benzenephosphonate, MLO 9549, was thermally stable above LLL°C,
(8319F), but it had a rather poor viscosity slope. The 10°F pour point
waeg falrly good,

The last compound, bis(2,li-dichlorophenyl) benzenephosphonate,
MLO 9550, was made in an effort to obtain a still higher boiling phospho-
nate, However, the 2,l~dichlorephenyl group was thermally umstable above

429°C (80L°F), so the limit of thermal stability of the phosphonate group
remains at present unikmown.

The compounds in Class IX were alike in that they contained the
L-biphenylyl group. These were:

MLO 9560 Diphenyl L-biphenylyl phosphate
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MLO 9563 Bis(o-chlorophenyl) L-biphenylyl phosphate

MLO 956l Bis(m~trifluoromethylphenyl) L-biphenylyl
phosphate

Tt will be remembered that diphenyl l-biphenylyl phosphate was thermally
stable above LB85°C, but was a solid. The other two compounds listed rep-
resent an effort to retain that thermal stability, yet achieve a liquid
state, In both cases, this was accomplished.

The compound bis(o-chlorophenyl) L-biphenylyl phosphate, MLO 9563,
was a viscous liquid which was thermally stable above its normal boiling
point of 510°C (950°F), This is by far the highest thermal stability obe
served up to the present time, This informstion also establishes the fact
that when bis(o-chlorophenyl) l-naphthyl phosphate, MLO 9521, decomposes
at L77°C, it is the naphthyl group exhibiting instebility. It had hereto-
fore been impossible to determine this, since no other compound previously
prepared, containing either the o-chlorophenyl or l-naphthyl groups, could
be tested above L77°C, either because the boiling point was too low or be-
cause the compound decomposed. In this case, of course, the o-chlorophenyl
group was shown to be thermally stable sbove 510°C.

The third compound, bis(m~-trifluoromethylphenyl) L~biphenylyl
phosphate, MLO 956l, exhibited the pronounced effect of the trifluoromethyle
phenyl group in enhancing volatility. Compared to MLO 9563, the boiling
point was 85°C lower while the molecular weight was 6l units higher. The
compound was reasonsbly fluid, having a viscosity of 82 cs at 100°F, and
was stable above its normal boiling point, L2l°c.

Class X consisted of unsymmetrical phosphates, that is phosphates
having three different groups attached to the phosphate radical. These
compounds were:

MLO 9554 Phenyl o-chlorophenyl l-naphthyl phosphate

MLO 9562 Phenyl m~trifluoromethylphenyl l-naphthyl
phosphate

The first compound, MLO 9554, was a somewhat viscous liquid which

thermally decomposed at L70°C (878°F), The pour point (15°F) was fair, while
the other properties were about average.

In the case of phenyl m~trifluoromethylphenyl l-naphthyl phosphate,
MLO 9562, the volatilizing influence of the trifluoromethylphenyl group is
again shown., The boiling point was L21°C (790°F) and the pour point was 5°F,
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It appears that this grouwp also greatly promotes the solubility of phosphates
in aliphatic naphtha, It seems quite feasible to vary such properties of

& compound as boiling point, hydrelytic stability, viscosity and the like,
by varying the three groups. The economics of production would, of course,
have to be considered. :

Tn Clase XI were placed the miscellaneous compounds which do not
£it in the other classes, These were:

MLO 9529 Bis(p-chlorophenyl) 2-chloro-l-naphthyl
phosphate

MLO 9531 Triphenyl thicphosphate

The first of these, bis(p~chlorophenyl) 2-chloro-l-naphthyl phosphate, MLO
9529, exhibited the typical instability of the 2-chloro-l-naphthyl group,
decomposing at 394°C (7L1°F). The material was a viscous liquid which
could be induced to crystallize to a fairly high-melting solid,

The effect of substituting a sulfur atom for an oxygen atom in
the phosphate radical is showm in triphenyl thiophosphate, MLO 9531, The
melting point was slightly higher than that of triphenyl phosphate, while
the thermsl stability was considerably lower. The viscosity slope was poor.
It is conceivable that compounds of this type might prove interesting as
antiexidants. '

Several other preparastions were attempted but failed, due mostly
to decomposition of the product during attempted purification, The come
pound, 1,2-phenylens bis(diphenyl phosphate) decomposed on distillation,
with only triphenyl phosphate being recovered, A series of compounds con-
taining the bis(di-p-chlorophenyl phosphate) structure decomposed on dis-
tillation to yield tris(p-chlorcphenyl) phosphate. These compeunds were
1,6-naphthylene bis(di-p-chlorophenyl phosphate), 1,3-phenyleme bis(di-p-
chlorophenyl phosphate) and 1,3-(L-chlorophenylene) bis(di-p-chloropheny.
phosphate), In a similar manner, an attempt to prepare 1,3,5-phenenyl tris
(diphenyl phosphate) yielded only triphenyl phosphate. Another compound,
which was prepared to study the properties of the nitro grouwp, was tris(2-
chloro-l-nitrophenyl) phosphate. This materisl decomposed rather vigorously
after a period of refluxing, leaving a carbonized resin., Another compound,
li, k' -biphenylene bis(o-chlorophenyl) phosphate, was spparently hydrolyzed
during the process of washing with water and dilute acid, and only the
starting L, it-dihydroxybiphenyl was recovered,

The preparation of tris(o-nitrophenyl) phosphate failed due to
decomposition of the product on attempted distillation. The same thing
occurred in the case of diphenyl benzyl phosphate, diphenyl 2-phenylethyl
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phosphate, 3,3'-dichloro-k,l?-biphenylene bis(dl-o-chlorophenyl phosphate)
and 3,3'-biphenylene bis(diphenyl phosphate). 'Two other attempted prepara-
tions, those of 2,3-naphthylene p-chlorophenyl phosphate and 2,3-naphthy-
lene benzenephosphonate, gave products having molecular weights to which
no definite structure corresponded.

ITI. EXPERIMENTAL

A. Apparatus and Methods

1. Thermal Stability. The method used for the determination of thermal
stability involves the use of the isoteniscope to measure vapor pressure.
In theory, the graph of log P (vapor pressure) versus the inverse of the
absolute temperature is a straight line., When the compound starts to de=-
compose, the vapor pressure increases non-uniformly, apparently due to the
formation of volatile products, and departs from the straight line. This
point of departure is taken as the thermal decomposition temperature. The
isoteniscope is essentially a bulb attached to a U-tube manometer, and this
to an air condenser. Both the method of determining thermal stability and
the design of the isoteniscope were obtained from WADC TR 53=45 "Synthetic
Lubricants”, University of Michigen on W/ %f Contract No. W=33a
038-ac-21L57, » dated December, 1952, By refluxing under vacwfi the llqu:Ld
being tested, the liquid accumilates in the U-tube, displacing the air pre-
sent in the process. The isoteniscope is then cooled, and the liquid poured
from the manometer back into the bulb, some liquid being allowed to remain
to act as a liquid seal to exclude air. The process is repeated several
times, to remove all traces of air. The temperature is then raised grad-
ually, and the liquid legs in the manometer balanced by an applied external
pressure., At a given temperature the applied pressure necessary to balance
the manometer equals the vapor pressure. After considerable initial dif-
ficulty in eliminating sources of trouble in the apparatus, the method was
found to be quite satisfactory, although tedious.

An air bath was tried at first for heating the isoteniscope, but
was abandoned due to non-uniform temperature gradients. An aluminum block,
heated by a flame, was found to give good results. The block is cylindrical,
and surrounded by a glass shield; the block is provided with suitable re-
cesses for inserting the isoteniscope and observing the manometer and bulb.

2. Viscosity at LOOPF. In order to provide a LOO®F bath for viscosity
determinations, consideration must be given to the problems inherent in
maintaining such a relatively high temperature. If a liquid medium heated
by some external source is used, the main difficulty is selecting a medium
of sufficiently satisfactory oxidative and thermal stability. Continued
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transparency of the bath liquid is also necessary. Rather than use this
method with its attendant complications, it was decided to use a reflux-
ing liquid in an insulated chamber to provide the constant temperature.

‘A drawing of the apparatus is shown in Wright Air Development Center Tech-
nical Report 53-337, November, 1953, p. 23, The body of the spparatus is
a double-walled chamber with provisions for evacuating the annulus, if de-
sired, A side-opening accepts a condenser., The viscosimeter is inserted
into the central and large side holes in the plug and secured by rubber
sleeves, The plug is equipped with an inlet and outlet for passage of a
cooling medium to condense any vapor which might rise to the rubber sleeves,
Ain expansion bellows at the bottom of the jacket relieves strain at high
temperatures., It was found, at the barometric pressure prevailing in San
Antonio, that tetralin gave a vapor temperature of lLOOSF,

3, Molecular Weight, This property was determined by the cryoscopic
method using benzene as a solvent.

. Flash and Fire Point, The ASTM open cup procedure No. D 92-52 was
used, except that a miniaturized cup was used instead of the standard cup.
The wall thickness of the standard cup was retained, but the volume was
reduced by reducing the inside diameter of the cup, keeping the height,
upper flange diameter and base diasmeter constant. Therefore, the crosse
section of the small cup resembled a spool, with one end of the central
opening closed. A sample of only about 20 cc¢ is required, and results
were in good sgreement with the standard cup.

S. Solubilities. The solvent was added dropwise to a sample of sbout
2 gm of the material being tested., If the sample blended with the solvent
under the contimming dilution, the sample was rated "infinitely soluble®.,
If the sample did not blend with the solvent, a second technique was used.
This method was to add the sample dropwise from a microburette to a given
volume of solvent and observe the point where cloudiness occurs.

If, as in the case of water, the solubility of the sample were
less than 0,01 gm of 150 cc of solvent, the sample was termed "insoluble®,

6. Hydrolytic Stebility. Ten grams of sample were added to 125 ml
of distilled water in a 500-ml flask. The flask was agitated for sixteen
hours at 100°F, A 100 ml sample of the water layer, centrifuged if neces-
sary for clarification, was titrated with 0.1 N KOH., The hydrolytic sta-
bility was reported as mg KOH/gm sample.

7. Autogenous Ignition Temperature. A 125 ml Erlenmeyer flask was
placed in a . porcelain evgporating dish containing about one~half its
volume of molten lead. A thermocouple was immersed in the lead, The dish
was heated with a gas-oxygen torch. The temperasture was gradually raised
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and at intervals a drop of sample was dropped into the flask. The tempera-
ture at which the liquid ignited was taken as the autogenous ignition tem-
perature. A maximum workable temperature of about 1LO0®F can be attained
by this method, This is above the softening point of Pyrex glass.,

8. Vapor Pressure at 25°C and 100°C. These values were obtained by
extrapolation of the vapor pressure-temperature curves obtained during the
thermal stability test. An experimental spot check was made on bis(m-tolyl)
1-naphthyl phosphate at 100°C using the transpiration method. Since the
experimental value was 2,1 x 10~% mm, compared with 0.7 x 10-4 obtained by
extrapolation, and since the experimental error in measuring these low va=-
por pressures is quite highy the extrapolation was considered to give satis-
factory results.

B. Chemicel Syntheses

(1). Bis(o-chlorophenyl) l-nsphthyl phosphate. MLO 9521.

a. l-Nthgzl ghogho%l dichloride. In a 2-liter flask equipped
with a thermowell and an 80 cm reflux condenser was placed 576.6 gm (L moles)
of l-naphthol and 613.k gm (L moles) of POCl3. The mixture was brought,
as quickly as possible, to 200°C; this required 27 hours. The reaction
product was stripped of volatiles under aspirator vacuum up to 200°C flask
temperature, Vacuum distillation gave 563 gm of l-naphthyl phosphoryl di-
chloride ? somewhat viscous, refractive water-white liquid, boiling at 157°/
b mm, n3he5 1.59k2, The yield was 5LE.

b. Bis(o-chlorophenyl) l-naphthyl phosphate. Tn g 2-liter flask
was placed 261 Zm (I mole) of l-naphthyl phosphoryl dichloride dissolved
in 2 pounds of pyridine. To this solution was added dropwise with cool-
ing 257 gm (2 moles) of redistilled o-chlorocphenol.

After standing overnight the reaction mixture was diluted with
S pounds of CCl),, then washed with two successive one-liter portions of
water, one liter of 3% HCl, and one liter of water. After separation and
drying of the organic layer, the volatile components were stripped off.
Distillation of the residue gave 259 gm of bis(g_-chloro%henyl) 1-naph§hyl
phosphate a viscous, greenish-yellow refractive oil, né o5 1.,6111, 4
1.3525, boiling at 221°C/0.18 mm, The molecular weight was 48 (obsd.);
LLS (cale.). The yield was 58%.

(2). Tris(o-chlorophenyl) phosphate. MLO 9522,

To 76.6 gm (0.5 moles) of POCl3 in a 1l~liter, 2-neck round bottom
flask was added 192.8 gm (1.5 moles) of redistilled o-chlorophenol. The
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flask was equipped with a reflux condenser and thermowell. To the reaction
mixture was added 6.7 gm of powdered anhydrous MgCls (prepared by heating
MgClg‘éHgG until the original melt re-solidifies completely); the mixture
was brought to 200°C and refluxed there for L hours.

The reaction mixture, after dilution with one liter of CCl), was
then washed in turn with one-liter portions of water, 5% KOH, water, 3% HC1
and water, After drying the organic layer and removing volatile materials,
the residue was vacuum-distilled, Thg tris(o-chlorophenyl) phosphate was
a water-white liquid, ng”*” 1,5811, d 5 1.L4076, boiling at 195°C/0.13 mm.
The molecular weight was 379 (obsd.); 380 (calc.). The yield was 73%. This
compound can be induced to crystallize to a solid melting at 34=35°C,

(3). Diphenyl 5,6,7,8-tetrshydro-l-naphthyl phosphate. MLO $523.

a. 5,6,7,8-Tetrahydro-l-naphthol, This preparation followed the
method of Papa and Schwenk (1), A solution was made of 100 gm of l-naph=
thol in 3 liters of 10% NaOH solution. The solution was heated to 65-75°C
and then 300 gm of Raney Ni-Al a2lloy was added portionwise during three
and one-half hours, The solution was allowed to stand overnight. During
the reaction, it was found desirable to add Dow Corning Antifoam A to break
the persistent foam which formed.

The solution was filtered from the nickel residue; then made
strongly acid with conc. H330}. The reaction mixture was divided into two
portions, and each portion was extracted three times with 200 cc portions
of ether. The ether solution was dried over anhydrous MgSO), and most of
the ether distilled off. The residue was placed in an evaporating dish to
allow the remaining ether to volatilize. The yield was sbout 30 gm of
crude product, melting at 72°C. Tetrahydronaphthol melts at 71°C. Im all,
five lots of product were made, a total of 125-150 gm. The crude tetralol
was steam-distilled, resulting in a white product melting at 71-72°C.

b. Diphenyl 5,6,7,8-tetrahydro-l-naphthyl phosphate, To 155.7 gm
(0.58 moles) of diphenyl phosphoryl chloride dissolved in 1l pound of pyri-
dine was added 87.h gm (0.58 moles) of l-tetralol, After reaction was com-
plete, the mixture was diluted with five pounds of CCl),, then washed in the
usual fashion with four one-liter portions of water, dried, and stripped
of volatiles, The diphenyl l-tetralyl phospgate distilled at 199°C/0.1L
mm, The product, a yellow viscous oil, 23. 1.5771, dﬁ 1.2197, weighed
lgé.:(*l gm, z)equivalent to a yield of 62%. molecular weight was 379 (obsd.);
380 (calc.).

(k). 1,3-Phenylene bis(diphenyl phosphate). MO 952k.

To a solution of 55.1 gm (0.5 moles) of resorcinol dissolved in
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one pound of pyridine was added 268.5 gm (1.0 mole) of diphenyl phosphoryl
chloride. A considerable amount of heat was evolved., After standing for
15 hours, the mixture was diluted in the usual fashion with five pounds of
CCly, then washed successively with one-liter portions of water, 54 KOH,
water, 3% HCl and water. The organic layer was then dried over anhydrous
MgS0); and the volatile material distilled off. Distillation of the residue
gave 152,1 gm of 1,3-phenylene bis(diphenyl phosphate), a water-white,
fairly viscous liquid, b.p. 284°G/0.09 mm, n30 1.5739, df> 1,2916. The
yield was 53%. In this case as in several others, the distillate appeared
clear, while distilling, but had a hazy appearance in the receiver. The
molecular weight checked well, being 575 (obsd.), 57L (calc.).

(5). Bis(p-chlorophenyl) l-naphthyl phosphate. MLO 9525.

To a solution of 195.7 gm (0.75 moles) of l-naphthyl phosphoryl
dichloride in one pound of pyridine was added 192.5 gm (1.5 moles) of p-
chlorophenol, After allowing the mixture to stand for 15 hours, it was
diluted with five pounds of CCl), then washed in succession with one-liter
portions of water, 5% KOH, water, 3% HCl and water, then dried over anhyd-
rous MgS0).., The volatiles were distilled off and the residue vacuum-dis-
tilled, product, weighing 248.9 gm (7L4.6% yield), was a viscous yellow
liquid, b.p. 229-237°C/0.09 mm, n: 5 1.6110, dﬁ 1,3526, The observed mole=-
cular weight was LLk, in good agreement with the calrulated value of LLS.

(6). Diphenyl 2-chloro-l-nsphthyl phosphate, MLO 9526.

a., t-Butyl hypochlorite. Following the procedure of Irwin and Hennion
(2), to a B=liter flask equipped with a stirrer, inlet tube and outlet tube
was charged 1480 gm of approximately 30% NaOH and 148.2 ‘gm (2 moles) of t-
butyl alcohol. To the layered mixture was added water until the layers
dissppeared. This required dilution to about 2 liters. Chlorine gas was
then bubbled through the solution until it was no longer absorbed. The
reaction mixture was kept ice-cold during the process. The volatile, yel-
low oil which formed an upper layer was washed with 200 c¢ of saturated
Na2C03 solution, then dried over CaClp. Safety precautions for handling
this materlal are given in the reference.

b. 2-Chloro-l-naphthol. In accordance with the procedure of Ginsburg
(3), a suspension of 2L6.i gm (1.71 moles) of l-naphthol in 900 cc of CCl),
contained in a 2~liter flask equipped with a stirrer, dropping funnel and
condenser, was reacted with 185 gm (1.71 moles) of t-butyl hypochlorite
added dropwise. The solution became warm and a dark-red color appeared.
The naphthol dissolved. The reaction mixture was refluxed for 2 hours,
then the volatiles were distilled off, up to a flask temperature of 150°C.
Then three vacuum distillations gave 191 gm of product boiling between 117-
128°C/3.9 mm. This product was obtained in five fractions having the follow-
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ing observed molecular weights: 175.8, 176.L, 176.7, 179.1, 178.6. The
calculated molecular weight of 2-chloro~l-naphthol is 178.5. The product
was a white solid having a phenolic odor; it tended to turn pink on stand-
ing., The melting point was 54~-56°C. The combined yield was 63%.

c. Diphenyl 2-chloro-l-nsphthyl phosphate. To a solution of 95.0
gn (0.531 mf&es; of 2-chloro-l-naphthol dissolved in pyridine was added
142.6 gm (0.531 moles) of diphenyl phosphoryl chloride. After standing
for 15 hours, the mixture was diluted with five pounds of GGlh, then washed
in sequence with one-liter portions of water, 5% KOH, water, 3% HC1l and
water. After preliminary stripping, the residue was vacuum-distilled,

The product, a viscous yellow liquid, had a boiling point of 207-208°C/
0.1 mm,n20 1,6153, igl 1.3021, The weight was 147.9 gm, equivalent to a
yield of“68%. The ecular weight was 12 (obsd.); 410 (cale.).

(7). 1,3-~(L-chlorophenylene) bis(diphenyl phosphate). MLO 9527.

To a solution of 63 gm (0.435 moles) of lL~chlororesorcinol in one
pound of pyridine was added 234 gm (0.87 moles) of diphenyl phosphoryl chlo-
ride, and the mixture allowed to stand for 15 hours. The reaction mixture
was added to five pounds of CCl) and the solution washed successively with
1-liter portions of water, 5% KOH, 3% HCl and water. After the solution
had been dried over anhydrous MgSO), the volatile materials were removed
by distillation wp to 150°C (flask temperature) under aspirator vacuum,

TWo vacuum distillations gave 90.6 gm _of product, a cloudy, fairly viscous
liquid boiling at 285-289°C/0.2 mm, df> 1.3297. The yield was 3l&. Mole-
cular weight; 613 (obsd.), 608.5 (calc.). '

(8). 1,6-Naphthylene bis(diphenyl phosphate). MLO 9528.

In a l-liter flask was placed 80.1 gm (0.5 mole) of 1,6-nsphtha-
lenediol (Eastman, Pract.) dissolved in one pound of pyridine and 268.6 gm
(1.0 mole) of diphenyl phosphoryl chloride. After standing for 15 hours,
the reaction mixture was diluted with five pounds of CCl) and washed with
1l-liter portions of water, 5% KOH, water, 3% HCl and water. After heating
to 200°C under aspirator vacuum to remove volatiles, the residue was vacuum-
distilled. Sghe pm?uct appeared to decompose somewhat on distillation.

4 yield of 55.2 17.7% of theo of viscous liquid was obtained, b.p.
géﬁg'ggﬂg/c;'gl m?f Qz.? 1.5998, 5% 1.2950, mo}.em;!ﬁr weight (obsd‘:) Sgé‘
The calculated molectilar weight wag 62L.,

(9). Bis(p-chlorophenyl) 2-chloro-l-naphthyl phosphate. MLO 9529.

a, Bi-g—chlofophenyl phosphoryl chloride. In g 5-liter round bottom
flask equipped with a reflux condenser and thermowell was placed 1075 gm
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(7 moles) of POCl3 and 1800 gm (1l moles) of p-chlorophenol. The mixture
was heated to 200°C and kept there for 7 hours. After distillation to a.
flask temperature of 150°C under aspirator vacuum, the residue was vacuum-
distilled, The final product, a water-white refractive liquid, weighed
1111 gm, a yield of L46.8%. The product had a boiling point of 212°C/5 mm,
molecular weight 337 (obsd.); 339 (calc.).

Also obtained as a by-product was 189.5 gm of p~chlorophenyl phos-
phoryl dichloride, b,p. 143°C/17 mm, which is equivalent to a yield of 11%
based on POCl3. ‘

b. Bis(B-chlorophenyl) 2-chloro-l-naphthyl phosphate. In a l-liter
Erlenmeyer flask was placed a solution of 80.0 gm (0.LL8 moles) of 2-chloro~-
l-naphthol in one pound of pyridine. To this solution was added 150.6 gm
(0.LL48 moles) of di-p-chlorophenyl phosphoryl chloride, After standing
for 15 hours, the reaction mixture was diluted with five pounds of CCl), and
washed in the usual sequence with l-liter portions of water, 5% KOH, 3
HCl and water. After drying the solution over MgSO), the volatiles were
removed by heating to 150°C under aspirator vacuum. Two vacuum distilla-

"~ tions then gave 132.9 gm of a viscous orange-yellow liquid boiling from

232-2379C/0.1 mm, The liquid could be induced to crystallize to a solid
melting at 80-81°C. The yield was 62%. The observed molecular weight was
4655 the calculated value was 479.5.

(10). 1,l-Phenylene bis(diphenyl phosphate). MLO 9530.

In a l-liter flask was placed 55.1 gm (0.5 mole) of hydroquinone
dissolved in one pound of pyridine and 268.6 gm (1.0 mole) of diphenyl
phosphoryl chloride. After standing for 15 hours, the reaction mixture
was diluted with five pounds of CCl),, and washed successively with l-liter
portions of water, 5% KOH, water, 3% HCl and water. A considerable amount
of white granular material precipitated out of solution. The solid was
filtered off, and the CCl}, solution was dried over anhydrous MgSO),. Re=-
moval of the CCl), left very little residue. The white solid previously
filtered off was recrystallized from dioxane. The melting point was 105°C
and the molecular weight was 5L3. The calculated molecular weight for 1,
lLi-phenylene bis(dipheriyl phosphate) was 57L. Vacuum distillation of this
material gave 102.3 gm of product, a white solid melting at 109°C, b.p.
288-2?02%/0.13 mm, molecular weight 575 (obsd.); 57L (cale.). The yield
'WaSBo .

(11). Triphenyl thiophosphate. MLO 9531.

Into a l-liter flask fitted with a thermowell and 80 cm reflux
condenser was placed 338.8 gm (2 moles) of thiophosphoryl chloride and
376.4 gm (L4 moles) of phenol. Refluxing for 38 hours resulted in little
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spparent reaction, the reflux temperature reaching only 147°C. The reac-
tion mixture was cooled, and 6.8 gm (2 wt.% based on PSC1l3) of PCl3 was
added to catalyze the reaction (L). The temperature was then brought to
200°C in 2 hours and reflux was continued for l hours. After repeated
fractionations, there was obtained 192.9 gm of triphenyl thiophosphate,

a white solid melting at 53-5L°C, b.p. 212°C/L mm, “50 *5 1.5897 (super-
cooled liquid), molecular weight 343 (obsd.); 342 (cale.). The product
had a strong HpS odor.

(12). Diphenyl 3-pyridyl phosphate. MLO 9532,

. To a solution of 95.1 gm (1 mole) of 3-pyridol dissolved in one
pound of pyridine was added 268.5 gm (1 mole) of diphenyl phosphoryl chlo-
ride. After standing for 15 hours, the reaction mixture was diluted with
five pounds of CCl) and washed with l-liter quantities of water, 5% KOH,
3% HC1 and water. After drying over anhydrous MgSO), the CCl), and other
volatile materials were removed by heating at atmospheric pressure and un-
der aspirator vacuum to a flask temperature of 150°C. Two subsequent dis-
tillations gave 194.3 gm of diphenyl 3-p§¥idy1 phosphate, a fairly mobile
yellow liquid, b.p. 183-185°C/0,10 mm, n§< 1,5672. Upon prolonged refrig-
eration, the liquid crystallized to a sogid, m.p. 33°C. The pour point of
the liquid was -30°F. The yield was 56.6%., Molecular weight 331 (obsd.);
328 (Calct)s

(13). L,L*-Biphenylene bis(diphenyl phosphate). MLO 9533.

To a solution of 93.1 gm (0.5 mole) of L,L'-dihydroxybiphenyl in
one pound of pyridine was added 268.5 gm (1.0 mole) of diphenyl phosphoryl
chloride, and the mixture allowed to stand for 60 hours. After adding five
pounds of CCl), and washing successively with l-liter portions of water,

5% KOH, 3% HCl and water, the solution was dried over anhydrous MgSO). Af-
ter removal of volatiles by heating under aspirator vacuum to a temperature
of 150°C, the residue was vacuum-distilled. The product was a white solid,
m.p. 89°C, which boiled at 339-343°C/0.1L mm. The molecular weight was

650 (obsd.); 650 (calc.). The yield was 1L5.2 gm or LL.7%.

(1L). Bis(l-nephthyl) 3-pyridyl phosphate. MLO 953L.

To 184.3 gm (0.5 mole) of dinaphthyl phosphoryl chloride dissolved
in one-half pound of pyridine was added 47.5 gm (0.5 mole) of 3-hydroxypy-
ridine. After standing for about 36 hours, the reaction mixture was diluted
with five pounds of CCl) and washed with l-liter portions of water, 5% KOH
and water. After stripping off volatiles by heating to 150°C under aspira-
tor vacuum, the reaction prodygt was vacuum-distilled, The product was a
very viscous orange liquid, nf’ 1.6372, b.p. 2);3-248°¢/0.11 mm. The mole-
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cular weight was 432 (obsd.); 427 (calec.).

(15). Bis(2,4-dichlorophenyl) l-naphthyl phosphate, MLO 9535,

To 163 gm (1 mole) of 2,l-dichlorophenol dissolved in one pound
of pyridine was added 130.5 gm (0.5 mole) of l-naphthyl phosphoryl dichlo=
ride, After standing for 15 hours, the product was worked up in the usual
manner by addition of five pounds of CGlh, washing with l-liter portions
of water, 5% KOH, 3% HC1l and water, then drying the solution over anhydrous
MgS0), and distilling off the volatiles under aspirator vacuum up to 150°c.
Two vacuum distillations gave 103.L4 gm of bis(2,L-dichlorophenyl) l-naph-
thyl phosphate, a very viscous yellow liquid, né 1.6210, boiling at 248-
249°C/0.16 mm., The molecular weight was 51L (obsd.)s 51k (cale.).

(16). Bis(2-biphenylyl) l-naphthyl phosphate. MLO 9536.

To 170.2 gm (1 mole) of o-phenylphenol dissolved in one pound of
pyridine was added 130.5 gm (0.5 moles) of l~naphthyl phosphoryl dichloride,
After standing 15 hours, the mixture was heated to 110°C and kept there for
1 hour to insure complete reaction. The mixture was cooled, diluted with
five pounds of CCl),, and washed successively with l-liter portions of water,
5% KOH, 3% HC1l, and water, dried over anhydrous MgS0),, and stripped of vola-
tiles by heating to 150°C under aspirator vacuum, Vacuum distillation gave
173.9 gm (66.L% yield) of product, a glassy liquid boiling at 271°C/0.1 mm.
Upon crystallization of the liquid, a solid melting at 78-79°C was obtained.
The molecular weight was 529 (obsd.); 52k (calec.).

(17). Diphenyl 2,L-dichloro-l-naphthyl phosphate. MLO 9537.

To 106.5 gm (0.5 mole) of 2,4-dichloro-l-naphthol dissolved in

one pound of pyridine was added 134.5 gm (0.5 mole) of diphenyl phosphoryl
chloride, The mixture was heated to 110°C and refluxed at that temperature
for 1 hour. After standing for 15 hours, the reaction mixture was diluted
with five pounds of CCl), and washed successively with l-liter portions of
water, 5% KOH, 3% HCl and water. Removal of volatiles by stripping under
aspirator vacuum wp to 150°C left a residue which was vacuum-distilled.
The product, diphenyl 2,li-dichloro~l-naphthyl phosphate, weighing 105.3 gm,
was a red, viscous liquid, boiling.at 236°C/0.11 mm, which slowly crystal-
lized to a solid melting at 6L4~65°C. The molecular weight was hﬁa (obsd.)s
W5 (eale.). The yield was 47.3%.

(18). Bis(l-naphthyl) o-chlorophenyl phosphate. MLO 9538.

To 92.3 gm (0.25 moles) of di-l-naphthyl phosphoryl chloride dis-
solved in one pound of pyridine was added 32.2 gm (0.25 moles) of o-chloro=-
i

/
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phenol. The mixture was heated to 110°C for 1 hour to insure complete reac-
tion, then allowed to cool. To the reaction mixture was added five pounds
of CCl), and the solution was washed in twrn with l-liter portions of water,
5% KOH, 3% HC1 and water. The solution was dried over anhydrous MgS0), and
stripped of volatiles by heating to 150°C under aspirator vacuum, The resi-
due was then vacuum~distilled. The product was an extremely viscous orange
liquid, b.p. 2L48-250°C/0.13 mm, molecular weight L62 (obsd.); L60.5 (cale.).
The weight of product was 173.9 gm, equivalent to a yield of 66.L%.

(19). 1,L-(2-Chlorophenylene) bis{dighegl phosphate), MLO 9539,

To 100.0 gm (0.69 moles) of chlorohydroquinone dissolved in one
pound of pyridine was added 371.0 gm (1.38 moles) of diphenyl phosphoryl
chloride. The reaction mixture was heated to reflux, then allowed to cool.
After the addition of five pounds of CCl),, the mixture was washed in turn
with l-liter portions of water, 5% KOH, HC1 and water. The solution was
then dried over anhydrous MgSO), and stripped by heating to 150°C under as~
pirator vacuum, Vacuum distillation gave 234.5 gm of product boiling at
285-288°C/0.1l mm, The yield was 54.9%. The product solidified on stand-
ing and, when recrystallized twice from ethanol, melted at 71-72°C. The
molecular weight of the recrystsllized material was 572 (obsd.); 608.5 (calc.),
being a deviation of 6%. Probably some solvent retention occurred.

(20). Tris(2-biphenylyl) phosphate. MLO 95l0.

In a 2-neck, 500 ¢c round-bottom flask equipped with a thermowell
and spiral condenser was placed 255.3 gm (1.5 moles) of o-phenylphenol and
76.7 gn (0.5 mole) of POCl,. After the addition of 8.3 gm of anhydrous
MgCl,, the mixture was heated to 200°C and kept at that temperature until
reflux had stopped. After cooling, the product was poured into a 2~liter
Erlenmeyer flask and dissolved in warm ether-benzene. The solution was
washed with l-liter portions of water, 5% KOH, 3% HCl and water. The solu-
tion was then dried over anhydrous MgSO), and stripped of volatiles up to
150°C under aspirator vacuum, Vacuum distillation gave 183.7 gm of product,
a white solid. The boiling point was 275-278°C/0.18 mm. After recrystal-
lization from ethanol, the m.p. was 114,5-115°C, The molecular weight was
537 (obed.); 55L (cale,). Here again, it is thought that a small amount
of solvent was retained.

(21). Tris(3-chloro~2-biphenylyl) phosphate. MLO 9511,

A mixture of 307.1 gm (1.5 moles) of 2~chloro-6-phenylphenol,
76.5 gn (0.5 mole) of POCly and 11.2 gm of anhydrous MgCl, was heated until
the temperature reached 29398. The reaction mixture was then cooled, dis-
solved in about 3 liters of benzene, and washed successively with l-liter
portions of water, 5% KOH, 3% HCl and water. It was dried over anhydrous
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MgsOl,, then stripped of volatile material by heating to 150°C under aspira-
tor vacuum. The product, a white solid boiling at 278-280°C/0.23 mm, was
then obtained by vacuum distillation of the residue, The yield was 102.9
gm, equivalent to 31.3%. Upon recrystallization of the solid from ethanol
with some benzene added, the melting point was 194-195.5°C, Due to low

solubility in ordinary cryoscopic solvents, no molecular weight was deter-
mined,

(22). Tris(3-chloro-lL-biphenylyl) phosphate. MLO 95L2.

A mixture of 307.1 gm (1.5 moles) of 2-chloro-L-phenylphenol, L6.5
gn (0.5 mole) of POCl3 and 11.2 gm of anhydrous MgCly was heated to 200°C,
then allowed to cool. The reaction product was dissolved in about three
pounds of benzene and washed with 1 liter of water. A curdy emulsion formed
which was broken by the addition of one pound of ether, The solution was
then washed twice with 500 cc portions of 5% KOH, then twice with 500 cc
portions of 3% HCl., A final water wash caused the re-formation of the curdy
solid, The addition of ethylene dichloride did not dissolve the solid.
After standing, the solid had settled out, leaving a dark supernatant or-
ganic layer. The solid was removed by filtration and dried. The liquid
was dried over anhydrous MgSO), then stripped. Very little residue was
left, The solid was combined with the residue, and the mixture vacuum-dis-~
tilled. The product was a solid weighing 158.9 gm, boiling at 337-3L40°C/
0.12 mm, The yield was L48.3%. The product, recrystallized twice from
ethanol-benzene, melted at 153-154.5°C, The slight solubility of the pro-
duct in benzene made a molecular weight determination difficult. A value
of 607 (obsd.); 657.5 (calc.) was obtained on a very dilute solution.

(23). Diphenyl 5-indanyl phosphate. MLO 95L3.

To a solution of 51.2 gm (0.382 mole) of 5-indanol (research sample
furnished by Carbide and Carbon Chemicals Company) in one pound of pyridine
was added 102.7 gm (0.382 moles) of diphenyl phosphoryl chloride. The solu-
tion was heated to reflux, then allowed to cool. After standing for 15
hours, the solution was mixed with five pounds of CCl) and washed in the
usual sequence with l-liter portions of water, 5% KOH, 3% HCl and water.

The solution was dried over anhydrous MgSOj, then the volatiles were dis-
tilled off. Two vacuum distillations gave 90.2 gm of product, a water-
white 1liquid boiling at 199-201°C/0.21 mm, crystallizing to a solid melt-
ing at 29°C., The molecular weiEht was 356 (obsd.); 366 (calc.). Other
properties were: dﬁ 1.222l, nD9 1.5770. The yield was L9.3%.

(21). Diphenyl L-indanyl phosphate. MLO 95kl.

To a solution of 50.6 gm (0.378 moles) of L-indanol (a research
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sample supplied by Carbide and Carbon Chemicals Company) in one pound of
pyridine was added 101.5 gm (0.378 moles) of diphenyl phosphoryl chloride.
The solution was heated to reflux snd allowed to cool. To the reaction
mixture was added five pounds of CCl),, after which it was washed with l-
liter portions of water, 5% KOH, 3% HCl and water. The solution was dried
over anhydrous MgSO}, then distilled uwp to 150°C under aspirator vacuunm,

Two subsequent vacuum distillations gave 95.9 gm (52.L4% yield) of prg&uct,

a colorless fairly viscous liquid boiling from 194~196°C/0.16 mm, dﬁ 1.22217,
nge 1,5753, The molecular weight was 362 (obsd.); 366 (calc.).

(25). Tris(2,l-dichlorophenyl) phosphate. MLO 95L5.

A mixture of 24k.5 gm (1.5 moles) of 2,L-dichlorophenol and 76.5
gm (0.5 mole) of POCly plus 8.0 gm of anhydrous MgClp was heated to 200°C
and kept there for L ?murs. The reaction mixture was stripped up to 180°C
under aspirator vacuum, Two vacuum distillations then gave 1L3.3 gm (a
54.3% yield) of product, a white crystalline solid, b.p. 2L42-216°C/0.1L mm,
m.p. 92.5-94°C, molecular weight 528 (obsd.)s; 533 (calc.).

(26)., Diphenyl benzenephosphonate, MLO 95L6.

To a solution of 188 gm (2 moles) of phenol dissolved in one
pound of pyridine was added 195 gm (1 mole) of dichlorophenylphosphine
oxide (Eastman, Pract.j; redistilled, b.p. 116-120°C/6 rm). A large amount
of heat was liberated, requiring intermittent cooling of the reaction flask.
After standing for 15 hours, the reaction mixture was diluted with five
pounds of CCl), then washed in turn with l-liter portions of water, 5% KOH,
3% HC1 and water., After the solution was dried over anhydrous Hgsoh, the
volatile components were removed by heating to 150°C under aspirator vacuum.
Subsequent vacuum distillation gave 238 gm of diphenyl benzenephosphonate,
b.p. 170-174°C/0.1L mm, m.p. 76°C, molecular weight 31L.5 (obsd.); 310 (calc.).
The yield was 76.8%.

(27). Tris(o-bromophenyl) phosphate. MLO 9547 .

A mixture of 249.1 gm (1.LL moles) of o-bromophenol and 73.6 gm
(0.48 mole) plus 8.1 gm of anhydrous MgClo was heated to 200°C and kept
there until reflux had stopped. The mixture was then cooled, diluted with
five pounds of CCl), and washed with l-liter portions of water, 5% KOH, 3%
HC1 and water. After drying the solution over anhydrous MgS0), and remov-
ing the volatiles by heating the 160°C under aspirator vacuum, the residue
was vacuum-distilled, The product, a white crystalline solid weighéng 103.2
gn (2 yield of 38.3%) had the following properties: b.p. 225-228°C/0.22
mn, m.p. 83-84°C, molecular weight 554 (obsd.)s 563 (calc.). : ’
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(28). 1,5-Naphthylene bis(diphenyl phosphate). MLO 9518.

To a solution of 71.6 gm (0.LLT mole) of 1,5-naphthalenediol
(Eastman, Pract.) in one pound of pyridine, was added 2L0.2 gm (0.89L
mole) of diphenyl phosphoryl chloride and the mixture allowed to stand
for 70 hours., After the addition of five pounds of CCl)}, to the reac-
tion mixture, it was washed successively with l-liter portions of water,
5% KOH, 3% HC1l and water. A brown crystalline precipitate settled out
and was removed. The solution was dried over anhydrous MgS0), and allowed
to stand for 15 hours, upon which more precipitate settled out. This was
filtered off, washed with water to remove MgSQ), and dried. The filtrate
was distilled, but very little residue was obtained. The brown precipi-
tate previously obtained was recrystallized several times, finally from
benzene, giving a white powder, m.p. 1L4-145°C. The weight was 95 gm, a
yield of 34.1%. The molecular weight was not determined due to the in-
solubility of the compound in freezing benzene.

(29). Bis(o-chlorophenyl) benzenephosphonate. MLO 95L9.

To a solution of 257.2 gm (2 moles) of o-chlorophenol in one
pound of pyridine was added 195 gm (1 mole) of dichlorophenylphosphine
oxide, The reaction vessel was cooled in an ice-bath. After the reac-
tion mixture had stood for about 50 hours, it was diluted with five pounds
of CCl), then washed successively with l-liter portions of water, 5% KOH,
3% HC1 and water. The solution, after drying over anhydrous MgSO),, was
stripped of solvent and other volatile materials by heating to 150°C under
aspirator vacuum. Subsequent vacuum distillation gave 287,L gm of pro%¥ct,
a colorless, fairly viscous oil, b.p. 194-197°C/0.2} mm, dﬁ 1.3378, n
1.5965, molecular weight 375 (obsd.); 379 (cale.). The yield was 75.8%.

(30). Bis(2,li~dichlorophenyl) benzenephosphonate. MLO 9550.

To a solution of 97.8 gm (0.6 mole) of 2,L-dichlorophenol dis-
solved in one pound of pyridine was added 58.5 gm (0.3 mole) of dichloro-
phenylphosphine oxide. An ice-bath was used to moderate the reaction.

After reaction was complete, the pyridine hydrochloride formed by the reac-
tion was filtered off, and the filtrate stripped of volatiles by heating

to 150°C under aspirator vacuum. Subsequent vacuum distillation gave 77.L

gm (57.6% yield) of product, a solid, b.p. 220-223°C/0.2 mm, m.p. 117-118.5°C,
molecular weight LL8 (obsd.s; LL8.5 (calc.).

(31). Diphenyl pentachlorophenyl phosphate. MLO 9551,

To a solution of 133.2 gm (0.5 moles) of pentachlorophenol in one
pound of pyridine was added 134.3 gm (0.5 moles) of diphenyl phosphoryl
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chloride, After the initial heat of reaction had subsided the solution
was reheated to reflux temperature then allowed to cool. The reaction mixe-
ture was filtered, then distilled at atmospheric pressure to remove the
pyridine, up to a flask temperature of 150°C. After a further stripping
up to 150°C under aspirator vacuum, the reaction product was vacuwum-dis-
tilled. The product was a white solid weighing 76.3 gm, b.p. 220-226°C/
0.16 mm, m,p. 120-121,5°C. The molecular weight was L87 (obsd.); L98.5
(calc.). The yield was 30.6%. ‘

(32). Tris(pentachlorophenyl) phosphate., MLO 9552.

To a solution of 217.3 gm (0.82 moles) of pentachlorophenol in
one pound of pyridine was added L1.6 gm (0.27 moles) of POCl3 dissolved in
one-half pound of pyridine. The addition was portion-wise. The reaction
was exothermic, As soon as the POCl, solution contacted the pentachloro-
phenol solution crystals formed and gradually increased in amount. After
standing overnight, the mass of white crystals was vacuum-filtered, then
washed with ethanol., The crystals were then dispersed in ethanol, allowed
to stand for several hours with frequent swirling, then re-filtered. Af-
ter two washings on the filter with ethanol, the crystals were again dis-
persed in ethanol, allowed to stand, filtered and washed twice as before,
then dried in a desiccator. The weight of product was 1l1 gm, a yield of
62%, The melting point was 230-2L40°C with darkening. The material seemed
slightly soluble in boiling pyridine; insoluble in ether, dioxane, benzene,
chloroform, carbon tetrachloride, methanol, isopropyl alcohol, butanocl,
heptane and ethyl acetate.

(33). Tris(m-chlorophenyl) phosphate. MLO 9553,

A mixture of 150 gm (1.17 moles) of m-chlorophenol and 59.9 gm
(0.39 moles) of POCl3, together with 5.2 gm of anhydrous MgCly was heated
to 200°C and refluxed for 3 hours. The reaction mixture was then stripped
by distillation to 150°C at atmospheric pressure followed by heating under
aspirator vacuum to 150°C. Subsequent vacuum distillation gave 120.7 gnm
of product,‘a water-white liquid, b.p. 196-197°C/0.12 mm, ngl 1,5820, df>
1.Lo31. %The molecular weight was 430 (obsd.); L29.5 (calcj. The yiel
was 72.1%.

(3L). Phenyl o-chlorophenyl 1-nsphthyl phosphate. MLO 955L.

a. Phenyl l-nsphthyl phosphoryl chloride, A mixture of 320.8 gm
(1.23 moles) of l-naphthyl phosphoryl chioride and 115.7 gm (1.23 moles)
of phenol was heated to reflux., The flask temperature rose graduslly until
at 265°C there was practically no reflux, This heating required three
hours, The reaction mixture was cooled, then stripped by heating to about
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230°C under aspirator vacuum. The residue was then vacuumpdistillgg. The
product was a white refractive liquid, b.p. 178-179.5°C/0.11 mm ng5° 16000,
dﬁS 1.3078. The molecular weight was 322 (obsd.); 318.5 (calc.s.

b, Phenyl o-chlorophenyl l-naphthyl phosphate. To 50.6 gm (0.392
moles) of o-chlorophenol dissolved in one-half pound of pyridine was added
125.0 gm (0.392 moles) of phenyl l-naphthyl phosphoryl chloride, This flask
was rinsed with one-half pound of pyridine which was added to the reaction
vessel. The reaction mixture was heated to reflux and allowed to cool.

The pyridine hydrochloride was filtered off and the filtrate was
concentrated by heating to 150°C at atmospheric pressure then reheating to
1509C under aspirator-vacuum, Vacuum~distillation then gave 113.5 gm of
the product ?n almost cglorless, somewhat viscous liquid, b.p. 225-227°C/
0.31 mm, n2i' 1.6091, dg 1.3003. The molecular weight was ﬁ09 (obsd.);
110.5 (calB.). The yield was 70.5%. T

(35). Tris(3,5-dimethy1phény1) phosphate, MLO 9555.

A mixture of 183,3 gm (1.5 moles) of 3,5-dimethylphenol and T76.8
gm (0.5 moles) of POCl3 in the presence of 6.5 gm of anhydrous MgCly was
heated to 200°C and he{d there for 7 hours. Then the volatiles were re-
moved by heating to 150°C, first under atmospheric pressure, then under as-
pirator vacuum. Vacuum distillation of the residue gave 151.9 gm of the
product, a colorless liquid, b.p. 200-202°C/0.18 mm, n32 1.5529, d¢> 1.127k,
which crystallized to a solid melting at 46-L6.5°C. The molecular weight
was LOT7 (obsd.)s U210 (cale.). The yield was TLh.1%.

(36). Tris(3,l~dimethylphenyl)phosphate. MLO 9556,

A mixture of 183.3 gm (1.5 moles) of 3,L-dimethylphenol, 76.8 gm
(0.5 moles) of POCly and 6.5 gm of anhydrous MgClo, was heated to 200°C and
refluxed there for & hours. The reaction mixture was then heated to 150°C
under aspirator vacuum to remove volatile material. Subsequent vacuum dis-
tillation gave 140.2 gm of product, a solid boiling at 213-215°C/0.19 mm,
m,p. 71.5-72.5°C. The molecular weight was 397 (obsd.); 410 (calc.).

(37). Tris(o-fluorophenyl) phosphate. MLO 9557.

A mixture of 13L.4 gm (1.2 moles) of o-fluorophenol, 61.k gm (0.L
moles) of POCl3 and L.9 gm of anhydrous MgCls was heated to 200°C. The reac-
tion started quite vigorously upon initial spplication of heat, but soon
moderated. After the reaction was complete the volatile material was re-~
moved by heating to 200°C under aspirator vacuum. Vacuum distillation gave
107.3 gm of product, a white solid melting at 79-81°C. The molecular weight
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values were 388 (obsd.); 380 (calc.). The yield was 70.6%.

(38). Diphenyl 3,L-dimethylphenyl phosphate. MLO 9558.

To a solution of 61,0 gm (0.5 moles) of 3,L~-dimethylphenol in
one pound of pyridine was added 134.0 gm (0.5 moles) of diphenyl phosphoryl
chloride., Then the mixture was heated to reflux, cooled and refrigerated
for 65 hours. The pyridine hydrochloride which crystallized out was re~
moved by vacuum filtration., Afiter removing volatiles by heating to }.‘?OGC,
finally under aspirator vacuum, the product was obtained by vacuum distil-
lation of the residue, The product was a white solid, b.p. 183-184°C/0.13
mm, m.p. 48-L49°C., The weight of product was 125.5 gm, which was equivalent
to 70.9% of the theoretical.

(39). Diphenyl 3,5-dimethylphenyl phosphate. MLO 9559.

To a solution of 61.0 gm (0.5 moles) of 3,5-dimethylphenocl in
one pound of pyridine was added 13L4,0 gm (0.5 moles) of diphenyl phosphoryl
chloride, The mixture was refrigerated for 15 hours, after heating to re-
flux and allowing to cool. The pyridine hydrochloride crystals were filtered
off, and the filtrate stripped by the usual process of distillation at at=
mospheric pressure to a flask terperature of 150°C followed by distillation
uw to 200°C under aspirator vacuum, The product then obtained by vacuum
distillation was a low-melting solid, b.p. 181-183°C/0.1 mm, m.p. 32-33°C,
molecular weight 350 (obsd.); 35k (calc.)., The yield was 89.9 gm, 50.8%
Qf theal‘}‘"

(L0). Diphenyl L-biphenylyl phosphate. MLO 9560.

To 85.1 gm (0.5 moles) of p-phenylphenol dissolved in one-half
pound of pyridine was added 134.3 gm (0.5 moles) of diphenyl phosphoryl
chloride, The mixture was heated to the boiling point, then sllowed to
cool and stand for 15 hours. The crystals were filtered off, and the py-
ridine was stripped by heating the solution to 150°C, first at atmospheric
pressure, then under aspirator vacuum., The product, upon vacuum distilla-
tion, was a white solid, b.p. 216-222°C/0.07 mm, m.p. 64~65°C, molecular
;;gi%gt 396 (obsd.); LO2 (calc.). The product weighed 117.5 gm, a yield of

(l1). Tris(m-trifluoromethylphenyl) phosphate. MLO 9561.

a. m-Trifluoromethylphenol. 4 500 gm (3.1 moles) portion of m-tri-
fluoromethylaniline (Halogen Chemicals, Inc., Columbia, S. C.) was added
gradually with stirring to a warm solution of 259 ml of conc. Hp50), (L.65
moles) in 2 liters of water contained in a li~liter beaker. The amine sul-
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fate was dispersed as it formed. The mixture was cooled to 3°C in an ice
bath and a solution of 2L8 gm of NaNOo (3.6 moles) in 500 ml of water was
added with stirring over a 15 minute period. &bout 6 or 7 handfuls of
crushed ice were added directly to the reaction mixture during the addi-
tion of NaNO,, After completion of the addition (during which the tempera-
ture rose to 11,5°C) the solution was stirred an additional 20 minutes.

The diazonium solution was removed from the ice bath, and urea was added
until there was a negative test for HONO using starch-iodide paper. Then
the solution (about l liters) was placed in a 5-liter flask and heated to
about 95°C, at which temperature reflux occurred. On heating, the solution
turned red and a layer of dark red liquid collected on the bottom of the
flask, After about 5 minutes heating, the heating mantle was removed and
the solution was allowed to stand for about one-~half hour, during which
time nitrogen was evolved. The reaction mixture was then heated to reflux
a few more minutes, then allowed to cool,

Most of the aqueous layer was decanted off. The red oil was
taken up in ether, then the aqueous layer was saturated with NaCl and ex-
tracted twice with ether. The ether extracts were combined, dried over
anhydrous MgSO}. After distilling off the ether, the residue was frac-
tionated. A crude product, b.p. 172-187005 weighing 222.2 gm was obtained.
This was dissolved in about an equal volume of ether, extracted twice with
250 ml portions of saturated NaCHO3 solution to remove HF present and dried
over anhydrous MgS0O). After removal of-the ether and fractionation, a pro=-
duct was obtained, boiling at 171-18500, weighing 178.3 gm. The phenol
was a yellow-orange oil. The yield was. 35%.

A better preparation of m-trifluoromethyl phenol has been used
by Dr, M., S, Carpenter of the Givaudan Corporation and is quoted here, with
his 'kind permission, as an item of general interest.

120 gm of m-aminobenzotrifluoride was added with agi-
tation to a previously prepared solution of 462 gm 93%
HpS50), in 1575 gm of water. The mixture was warmed to
60°, at which point the sulfate went into solution.

The solution was then cooled, maintaining agitation.

At 30° the sulfate precipitated out in finely divided
form. The mixture was cooled to ~5° and a solution of
5l gm NaNOo in 100 gm water was added during 20 minutes.
The resulting clear solution was held at =5° to -6° for
10 minutes longer and a little urea was added to des-
troy nitrous acid.

A vigorous current of steam was passed into a solution
of 75 gm of 93% HpSO}, in 370 gm water and the cold
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diazonium solution was dropped in during 20 minutes.
Steam distillation was continued until no more oil
passed over., The oll layer was removed and the aquem
ous layer extracted with benzene. The combined oil
and extracts from four such operations were combined
and distilled.

Fract, I to 56°/3mm 1gm
Fract, II 56-57°/3mn 430 gm
Residue 7 gm

25 20
d25 1.3458 g 1.L4570

b. Tris(m-trifluoromethylphenyl) phosphate. A mixture of 133,.5
gm (0,825 moles) of m-trifluoromethylphenol, L2.2 gm (0.275 moles) of POCl3
and L.l gm of anhydrous MgCl, was heated to 200°C and kept there for four
hours, The mixture was stripped by heating to 1509C under aspirator vacuum,
then vacuum-distilled, The praduc§ was a thin yellow liquid, b.p. 151-154°C/
0.15 mm, m.p. 13°C, n§5 1.6790, df”? 1.L576. The molecular weight was 529
(obsd.)s 530 (calc.). The yield Was 103.5 gm, equivalent to 71%.

(42). Phenyl m-trifluoromethylphenyl l-nsphthyl phosphate. MLO 9562.

To LL.5 gm (0.275 moles) of m-trifluoromethylphenol in three~fourths
pound of pyridine was added 87.5 gm (0.275 moles) of phenyl l-nsphthyl phos-
phoryl chloride. The mixture was heated to reflux, azllowed to cool and stored

under refrigeration for 15 hours. Then the pyridine hydrochloride was filw

tered off and the filtrate was stripped of volatiles, first under stmospheric
pressure, then under aspirator vacuum. The product, obtained by vacuum dis~
tillation of the residue, wag_ a pale yellow, somewhat viscous oil, b.p. 198~
2059C/0.25 mm, ng> 1.56L2, a§5 1.3215, molecular weight 437 (obsd.); T
(cale.). The weight of product was 77.1 gm, a yield of 63%.

(43). Bis(o-chlorophenyl) L-biphenylyl phosphate. MLO 9563.

a. Di-o-chlorophenyl phosphoryl chloride. In g 3-liter, 2-neck
flask was placed 1708.7 gm (13.3 moles) of g—chicrephenol and 1019.0 gm
(6.65 moles) of POCl3. To the mixture was added 185.6 gm (3.32 moles) of
degreased cast iron filings (5). The mixture was then refluxed until the
flask temperature reached 250°C, It was then allowed to cool. After fil-
tering off the insoluble residue the reaction mixture was siripped under
aspirator vacuum to 150°C. A series of vacuum~distillations gave 997.9
gn_of product, a pungent, slightly yellow liquid, b.p. 156~158°C/0.07 nm,
nﬁg 1.5686, The yield was LL.5%.
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b. Bisgg-chlorophenyl) Li-biphenylyl phosphate. To 85,1 gm (0.5

moles) of p-phenylphenol dissolved in one pound of pyridine was ‘added 168.8
gm (0.5 moles) of di-o-chlorophenyl phosphoryl chloride. When the initial
heat of reaction had subsided the mixture was heated to reflux, allowed to
cool, then refrigerated for 15 hours. The mixture was then filtered, and
freed of solvent by distillation to 150°C, first at atmospheric pressure,
then under aspirator vacuum. The product was obtained by vacuum distilla-
tion. Thig was a colorless viscous oil, somewhat cloudy, b.p. 261-267°C/
0.35 mm, ngl 1.6085, df> 1,3286, molecular weight L68 (obsd.); L7k (calc.).
The weight of product was 145.0 gm, a yield of 61.6%.

(L), Bis(Ertrifluoromethylphenyl) Li-biphenylyl phosphate. MLO 956L.

.a. l-Biphenylyl phosphoryl dichloride., In a l-liter, 2-neck flask
was placed 255.3 gm (1.5 moles) of Li-phenylphenol, 3L5.2 gm of POCl3 (2.25
moles) and 60 gm (ca. 1 mole) of degreased iron filings. The mixture was
then refluxed for ! hours. The maximum temperature attained was 1L46°C.
The reaction mixture was distilled to 150°C at atmospheric pressure followed
by distillation to 150°C under aspirator vacuum. In this way the excess
POCl3 was removed, Vacuum-distillation then gave 260.5 gm of product, a.
white solid, b.p. 180-18,°C/L mm, m.p. 83-84°C., The yield was 60.5%.

b. Bis(m-trifluoromethylphenyl) L-biphenylyl phosphate. To 71,8
gm (0.25 moles) of L-biphenylyl phosphoryl dichloride dissolved in one-
half pound of pyridine was added 81 gm (0.5 moles) of m-trifluoromethyl-
phenol. The mixture hecame quite warm. It was heated to reflux tempera-
ture and then left standing for 15 hours. The mixture was filtered and
distilled at atmospheric pressure to 150°C (flask temperature) followed
by heating to 150°C under aspirator vacuum, Subsequent vacuum-distilla-
tion gave 70.L gm of product, a fairly viscous, yellow liquid, b.p. 230~
231°C/0.18 m, H%I'S 1.53L9, af> 1.368l, molecular weight 537 (obsd.);
538 (calc,). The yield was 70.L gm, or 52.3% of the theoretical.

Unsuccessful Preparations

(15). 1,2-Phenylene bis(diphenyl phosphate).

In a 1-liter flask was placed a solution of 55.1 gm (0.5 mole)
of catechol dissolved in pyridine and 268.5 gm (1.0 mole) diphenyl phos-
phoryl chloride, The reaction mixture became quite hot and was allowed
to stand, It was then diluted with five pounds of CCl), and washed with 1-
liter portions of water, 5% KOH, water, 3% HCl and water. During the
washing procedure, a white, rubbery precipitate settled out. This mate-
rial had a melting point over 200°C. The CCl), solution was dried and
stripped of volatiles, Upon vacuum distillation of the residue, 97.2 gm

31

WADC TR 53~337 Pt 2




of a fraction boiling at 159-160°C/0,12 mm, m.p. L49-50°C, was obtained.

The molecular weight of this fraction was 327 (obsd.). Triphenyl phos~

phate has a m.p. of ;9-50°C, molecular weight of 326 (calc.) and gave no
depression of melting point when mixed with the product fraction,

(L6), 1,3,5~Phenenyl tris(diphenyl phosphate).

To a solution of 50.4 gm (0.l mole) of phloroglucinol in one
pound of pyridine was added 322.2 gm (1.2 moles) of diphenyl phosphoryl
chloride, After standing, the reaction mixture was diluted with five .
pounds of CCl), and washed with l-liter portions of water, 5% KOH, 3% HClL
and water, After the usual stripping precedure, a vacuum distillation was
attempted, the head temperature reaching 324° €/0.,20 mm, A second distil-
lation gave a relatively low-boiling material melting at 19.5°C, molecular
weight 325 (obsd.). The mixed melting point was triphenyl phosphate, mole-
cular weight 326 (calc.) exhibited no depression. It seems possible that
triphenyl ph35§hate was split out between two bzs(é:phenyi phesphaﬁe) groups
on separate rings, leaving a -0-PO(0f)-0- linkage joining the rings.

(k7). 1,6-Naphthylene bis(di-p-chlorophenyl phosphate).

(48). 1,3-Phenylene bis(di-p-chlorophenyl phosphate).

(L49). 1,3-(L-Chlorophenylene) bis(dijg-chlorephenyl phosphate),

These compounds are discussed as a group since the same behavior
was shown by all of them., To a solution of 0.4 moles of the appropriate
diol in pyridine was added 0,8 moles of di-p-chlorophenyl phosphoryl chlo-
ride. After addition of GClh’ and washing the solution in the usual man-
ner, the volatiles were distilled off and the residue vacuum-distilled.

In each case, the prsduct was tris(p-chlorophenyl) phosphate, characterized
by its melting point, 117°C, mnlecular weight, 429.5 (calec.) and mixed
melting point.

(50). Tris(2-chloro-l-nitrophenyl) phosphate.

A mixture of 250.0 gm (1.LL moles) of 2-chloro-L-nitrophenol and
73.6 gm (0.L48 mole) of POC1l3 plus 8.1 gm of anhydrous MgClp, was heated to
200°C., The mixture was refluxed at this temperature for about 1.5 hours,
when it was observed that the temperature was rising. The heat input was
reduced, but an auto-catalytic decomposition had started. The mixture
boiled out of the flask, turning to a carbonized resin.

(51). L,L"-Biphenylene bis(o-chlorophenyl phosphate).
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To 71.6 gm (0.38L4 moles) of l,L'-dihydroxybiphenyl dissolved in
one pound of pyridine was added 129.8 gm (0.38L moles) of di-o-chlorophenyl
phosphoryl chloride, The mixture, after subsidence of the initial heat of
reaction, was heated to the boiling point and allowed to cool., The mixture
was diluted with CCl}, and washed in the usual way, upon which a large quan-
tity of precipitate settled out. This precipitate melted above 270”C and
probably was l,L'-dihydroxybiphenyl. Working up the CCl}, solution gave a
small amount of the diol. It seems likely that the product hydrolyzed dur-
ing the washing process,

(52). Tris(o-nitrophenyl) phosphate.

To 209 gm (1.5 moles) of o-nitrophenol dissolved in one-half pound
of pyridine was added 76.5 gm (0.5 moles) of POCL3 dissolved in one~half
pound of pyridine. The addition was portionwise. Heat was liberated and
crystals began forming. After allowing the reaction mixture to stand over-
night (15 hours) the crystals were filtered off and discarded, and the vola-
tiles were removed by distillation to 150°C (flask temperature), first at
atmospheric pressure then under aspirator vacuum,

The residue at this point was a brownish-black liquid. This was
distilled at 1.6 mm pressure. The first fraction consisted of a yellow
liquid distilling at a head temperature of 72°C and a flask temperature
of 80°C, However, as the temperature was gradually raised a brownish-black
liquid distilled over at about 125°/2-3 mm., Then the temperature began to
climb rapidly and a copious distillate came over at a b.p. of 150-160°C
with the flask temperature at about 220°C. At this point the contents of
the flask erupted, demolishing the distilling head and spraying tarry liquid
and very light, fluffy black ash.

‘53)., 2,3-Naphthylene p-chlorophenyl phosphate.

To a solution of 100 gm (0.625 moles) of 2,3-naphthalenediol dis=-
solved in one pound of pyridine was added 153.k gm (0.625 moles) of p-chloro-
phenyl phosphoryl dichloride. After standing for 15 hours the mixture was
filtered and the filtrate was distilled at atmospheric pressure to a flask
temperature of 150°C. Then the stripping was completed by distillation to
2000C under aspirator vacuum, When the residue was vacuum-distilled, a
product was obtained, a white solid, b.p. 200-201°C/0.15 mm, weighing 70.7
gm. The melting point after recrystallization from ethanol was 97-98°C.

The molecular weight of the recrystallized product was 388.

(54). 2,3-Naphthylene benzenephosphonate.

To a solution of 100 gm (0.625 moles) of 2,3-naphthalenediol dis-
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solved in one pound of pyridine was added 121.9 gm (0.625 moles) of dichloro-
phenylphosphine oxide, Considersble heat was liberated, and crystals formed.
After standing overnight the reaction mixture was filtered and the filtrate
stripped by distilling at atmospheric pressure to a flask temperature of
200°C. This was followed by distillation to 150°C under aspirator vacuum
and vacuum-distillation. The product was an orange solid, b.p. 195-19798/
0.15 mm, weight 62,7 gm. After two recrystallizations from ethanol, the
now-white product melted at 132-133.5°C and had a molecular weight of 511,

(55). Diphenyl benzyl phosphate.

In a 500 ml flask equipped with a dropping funnel, stirrer and
condenser was placed 210.6 gm (0.78L moles) of diphenyl phosphoryl chloride.
To this was added dropwise 8L.8 gm (0.78L moles) of benzyl alecohol during
the course of 1.5 hours. No evidence of reaction was apparent. This mix-
ture was then placed in a dropping funnel and added slowly with stirring
to one pound of pyridine in a l-liter flask. The mixture was refrigerated
for about 60 hours.

The crystals which had formed were filtered off and the filtrate
was freed of solvent by distillation to 150°C, first at atmospheric pres-
sure, then under aspirator vacuum. On attempted distillation the product
decomposed, and only relatively low-boiling material was obtained.

(56). Diphenyl 2-phenylethyl phosphate.

To 134.3 gm (0.5 moles) of diphenyl phosphoryl chloride dissolved
in one pound of pyridine was added dropwlse 61.1 gm (0.5 moles) of 2~phenyl=-
ethanol. The mixbure became hot and crystals formed. It was again heated
to reflux and allowed to stand overnight (15 hours). The reaction mixture
was then filtered and the filtrate was stripped by distillation to 150°C
(flask temperature), first at atmospheric pressure then under aspirator vacu-
um., Upon attempted vacuum~-distillation, the product apparently decomposed,
with only low=boiling liquid and gas coming over.

(57). 3,3v~Dichlo¥o-l,l!-biphenylene bis(di-o-chlorophenyl phosphate).

a, t-Butyl hypochlorite. 1In a S-liter flask equipped with a stirrer,
reflux condenser and gas inlet tube was placed 160 gm (L moles) of NaOH
dissolved in 2 liters of water. To this solution was added 148.2 gm (2
moles) of t-butyl alcohol, and the flask was placed in an ice bath. Chlo-
rine gas was then passed into the solution until it was no longer absorbed.
The oily layer was separated off and washed with 200 cc of saturated NapCOs3.
Tt was placed over CaClo and stored overnight (15 hours) under refrigera-
tion, The yield was 193.3 gm (1.78 moles), or 89%.
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b. 3,3!'-Dichloro-l,L!-dihydroxybiphenyl. In a 2-liter flask equipped
with a dropping funnel, mercury-sealed stirrer and reflux condenser was
placed 165.7 gm (0.89 moles) of L,L!-dihydroxybiphenyl suspended in about
one liter of CCl). To this suspension 193.3 gm (1.78 moles) of t-butyl hypo-
chlorite was added dropwise. The reaction mixture warmed to the reflux
temperature of CCl),. After the addition was complete the mixture was re=-
fluxed for 2 hours. A white solid layer was present so the mixture was
again refluxed for two hours and allowed to cool.

The solid layer was filtered off. After recrystallization from
boiling water, its melting point was over 232°C. The melting point of the
starting material was 278-281°C. This solid was no doubt the original L,L'-
dihydroxybiphenyl.

The CCl), was distilled off at atmospheric pressure. When only
a part of the solvent had been removed a second crop of crystalline solid
precipitated. This was filtered off and the removal of CCl), completed,
leaving a third quantity of solid in the flask,

The second crystal crop was purified by leaching with boiling
water. Three small crystal crops were obtained from the water, having
melting points of 127,5-128°C, 129-130°, 129-130°C., This material was ap-
parently 3,3'-dichloro-l,L!~dihydroxybiphenyl (literature value 12L° from
water; Beilstein, VI, 992; lst supp. VI, L8L). Soxhlet extraction of the
residue from the water leaching gave an additional 10 gm of crystals, m.p.
129-1329C, The combined weight of all crops, including those recovered
from the third quantity of solid, was 5.7 gm. The residue from the Soxhlet
extraction, upon recrystallization from aqueous alcohol, melted at 170-
177°C. The weight was 2L.5 gm. This substance was probably 3,3!',5-tri-
chloro-l, i'dihydroxybiphenyl (literature m.p. 179°; Beilstein, VI, 9923
1st supp. VI, L8L).

The third quantity of solid material appeared to be a mixture
of the dichloro and trichloro compounds. A lengthy process of fractional
crystallization gave only minor amounts of relatively pure dichloro com-
poundé% No other component was detected. The yield of dichloro compound
was 16%.

¢. 3,3'-Dichloro-l,li*-biphenylene bis(di-o-chlorophenyl phosphate).
To LL.3 gm (0.17 moles) of 3,3'V-dichloro~l,i'-dihydroxybiphenyl dissolved
in one pound of pyridine was added 11L.8 gm (0.3l moles) of di-o-chloro-
phenyl phosphoryl chloride., The mixture was heated and left to stand over-
night (15 hours). The reaction mixture was then filtered, and distilled
at atmospheric pressure, then under aspirator vacuum, the flask tempera-
ture being taken to 150°C in each case. A small fraction b.p. 353-365°c/
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0.2-0.1l rmm was obtained on initial distillation, with evidence of decom-
position. On attempted redistillation a constant-boiling fraction could
not be obtained and decomposition was obvious.

(58). 3,3'-Biphenylene bis(diphenyl phosphate)

a. 3,3'-Dimethoxybiphenyl (6). To a boiling solution of 194 ml of
conc, HC1 in two liters of water contained in a L-liter beaker was added
250 gm (1.025 moles) of o-dianisidine (EKC, Technical grade) in several
portions with stirring. The suspension was reheated for 5-10 minutes with
stirring. A solid layer remained at the bottom of the besker. The mix-
ture was then cooled in an ice-bath and to it was added 219 ml of conc.

HC1 with continued stirring. This was followed by the addition of a solu-
tion of 1L6 gm (2.1 moles) of NaNOp in 313 ml of water over a period of
10-15 minutes. The contents of the beaker were then stirred for 20 minutes.
The original suspension upon diazotization gave a clear, dark-brown solu-
tion. The solution was divided in half and each half was filtered separately.
The total filtrate was divided into L portions, (each of about 680 ml) and
each portion poured rapidly into a precooled 500 ml portion of hypophos-
phorous acid (H3POp, 30%) contained in a 2-liter flask. Nitrogen evolved;
the reaction mixture was refrigerated (20°F) for about 17 hours, then allowed
to stand at room temperature for about 6 hours. The solid which had formed
was separated from the water phase. The water phase was extracted twice
with 200 ml portions of ether. The solid material previously obtained was
dissolved in the combined ether layers, which were then extracted twice

with 200 ml portions of 20% NaOH. The aqueous layer contained a brownish
oil or solid, while the ether layer was dark red. The ether solution was
dried over anhydrous KCOs3.

This deamination procedure was repeated with three more 250 gm
portions of o-dianisidine. The storage periods under refrigeration varied,
but did not appear to affect the reaction. The solid formed in each case
varied in color from bluish-green to dark brown. In each case the ether
solution was red.

The ether was stripped off the combined product at atmospheric
pressure followed by concentration under aspirator vacuum, with flask tem-
perature being taken to 190°C. Upon vacuum distillation, the product was
obtained, b.p. 155-1?598/ 4.1 rm, m.p. L42.5-43°C, The product was a clear
yellow liquid which slowly solidified on standing. The weight of product
was 699.L gm, a yield of 79.6%.

b. 3,3'-D iphenyl (7). Twelve pounds of reagent grade hy-
driodic acid lE?-%.%E was distilled at atmospheric pressure with a
stream of No bubbling through the solution. The azeotrope boiling at
124-127°C was collected. This fraction (colorless, but rapidly turning
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yellow on exposure to air) was placed in a 5-liter round bottom flask and
to it was added 699 gm (3.26 moles) of molten 3,3'-dimethoxybiphenyl, form-
ing an upper layer. The mixture was refluxed about 20 hours, distilling
off methyl iodide about every three hours. Considerable amounts of CH3I
were no doubt lost through the reflux condenser during refluxing. A total
of 311 gm (2.19 moles) of CH3I was collected. The distillation each time
was continued until a head temperature of 107°C was reached (at this tem-
perature a constant-boiling aqueous phase distilled); at the end of 20
hours only aqueous liquid distilled over. On cooling the 2-phase reaction
mixture, the top layer solidified; a small sample, on recrystallization
from water, melted at 126.5-128°C,

The solid material was dissolved in ca. 2 liters of 6N NaOH; the
solution was extracted twice with petroleum ether. Acidification of the
aqueous phase precipitated the phenol., Attempts to further purify the pro-
duct by recrystallization gave whiter crystals (the precipitated compound
was orange) but did not sppreciably change the melting point, which was
126-128°C., Therefore the material was used in this form., The weight of
product was 582,3 gm, a yield of 95.8%.

c. 3,3'-Biphenylene bis(diphenyl phosphate). To L6.5 gm (0.25
moles) of 3,3'-dihydroxybiphenyl dissolved in one pound of pyridine was
added 134.3 gm (0.5 moles) of diphenyl phosphoryl chloride. The mixture
became quite warm, After the initial heat of reaction had subsided the
solution was heated to reflux and allowed to cool. After standing 15
hours the solution was filtered and stripped of solvent by distillation
to 150°C, first at atmospheric pressure, then under aspirator vacuum,

On attempted vacuum distillation of the residue only volatile material
and gas came over. A yellow gum remained in the flask,
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IV. NOTEBOOK REFERENCES

The data from which this report was compiled are contained in
Southwest Research Institute Notebooks Nos, 124, 125, 126, 521, 535, 550
and 551,
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